###### Strengths and limitations of this study

-   The randomised design reduces chances of observed outcome being influenced by confounding factors.

-   The trial size will allow quantifying clinically relevant end points with reasonable statistical precision.

-   International multicentre study making results more generalisabe.

-   Limitations include long follow-up that has to be undertaken to assess tumour progression.

Introduction {#s1}
============

Following the introduction of prostate-specific antigen (PSA) testing in the late 1980s, the incidence of prostate cancer increased dramatically in many countries.[@R1] Widespread PSA testing led to a downward stage migration, with a growing proportion of small and well-differentiated cancers with low malignant potential even if left untreated.[@R2]

Although overdiagnosis of prostate cancers has been documented on a group level,[@R2] currently it is not possible to know if an individual man with prostate cancer will experience progression to lethal disease or not. As a consequence, many men unnecessarily undergo radical treatment. To reduce overtreatment and its side effects, without jeopardising the potential benefit of radical treatment, active surveillance with selective, delayed therapy with curative intent was developed in the late 1990s.[@R3]

In active surveillance, treatment with curative intent is initiated when and if investigations indicate progressive cancer. In watchful waiting only palliative treatment is initiated at symptoms. Several national guidelines recommend active surveillance for most low-risk cancers and selected favourable intermediate-risk cancers.[@R4] Different criteria are used to trigger radical treatment, but many patients are treated with curative intent without objective signs of disease progression.[@R5] Although multiple active surveillance cohorts show low rates of disease progression,[@R6] no randomised trials help define which patients are suitable for active surveillance, how to monitor them or when to initiate treatment with curative intent. To fill some of these evidence gaps and reduce both overtreatment and undertreatment, the Scandinavian Prostate Cancer Group (SPCG) is promoting a multinational randomised trial, Prostate Cancer Active Surveillance Trigger trial (PCASTt/SPCG-17), in which standardised triggers for repeat biopsies and initiation of treatment with curative intent, is compared with current clinical practice for active surveillance of low-risk and favourable intermediate-risk prostate cancer.

Areas of uncertainty {#s1-1}
--------------------

### Active surveillance or immediate treatment with curative intent {#s1-1-1}

None of three randomised trials has shown substantial survival benefit of radical treatment compared with watchful waiting or active monitoring in men with low-risk prostate cancer.[@R7] The SPCG-4 trial began in 1989, that is, before the PSA era, and included primarily men with palpable tumours. In this trial, radical prostatectomy resulted in a 3.8% (95% CI −4.6 to 12.2) lower prostate cancer mortality in men with low-risk cancer, compared with watchful waiting, after 18 years of follow-up.[@R7] In the PIVOT trial (Prostate Cancer Intervention Versus Observation Trial) including predominantly men with PSA detected localised cancer, there was a 4% absolute reduction of prostate cancer-specific mortality (95% CI −0.2 to 8.3) after radical prostatectomy, compared with observation, after nearly 20 years of follow-up. Events were few in the subgroup analysis, ensuing low statistical precision.[@R8] In ProtecT, only men with PSA-detected tumours were included. After 10 years of follow-up, prostate cancer-specific survival was similar in the three treatment groups: 98.8% (95% CI 98.4 to 99.5) after initial active monitoring, 99.0% (95% CI 97.2 to 99.6) in men allocated to radical prostatectomy and 99.6% (95% CI 98.4 to 99.9) in men allocated to radiotherapy, but progression to metastatic disease was less common after treatment with curative intent.[@R9]

### Criteria for active surveillance {#s1-1-2}

Most published active surveillance protocols include men with low-risk disease (International Society of Urological Pathology (ISUP) grade 1 (Gleason score 3+3=6), T1c-T2a and PSA \<10 ng/mL), but some include intermediate-risk disease (ISUP grade 2 (Gleason score 3+4=7), T1c-T2 and PSA 10--20 ng/mL).[@R6] ProtecT, the only randomised trial addressing the question of active monitoring versus curative treatment, included all localised risk groups but predominantly low risk. They found a higher risk of progression to metastases with active monitoring compared with radical treatment, after 10 years.[@R9] However, active monitoring in their protocol consisted of repeated PSA testing but apart from that was not specifically regulated.

### Follow-up during active surveillance {#s1-1-3}

Active surveillance protocols differ, but they typically include repeated digital rectal examinations, PSA testing and systematic, transrectal biopsies. Interpretation of digital rectal examination is subjective and cannot detect tumours in the anterior part of the prostate, which limit its usefulness.[@R10] PSA values fluctuate over time,[@R11] and raising values may reflect inflammation or progression of benign hyperplasia, rather than tumour progression. Systematic biopsies can easily miss small multifocal cancers and large tumours in the anterior prostate. Histopathological evaluation of the specimen shows considerable interindividual variation between pathologists.[@R12]

### Repeated biopsy and conversion to radical treatment {#s1-1-4}

In Sweden, 30%--40% of men managed by active surveillance receive treatment with curative intent within 5 years after diagnosis.[@R13] In a nationwide study, active surveillance was discontinued because of 'patient preference' in 20%, by PSA progression in 52% and by biopsy progression in 24% of the men.[@R13] In the PRIAS study (Prostate Cancer Research International Active Surveillance), about half of the men switched to curative treatment within 2.3 years.[@R14] Worry about whether the patient has an undetected high-risk cancer, without objective signs of progression or high-risk cancer, may entail unnecessary repeated biopsies and treatment to accommodate the clinicians' and the patients' concerns. Conversely, digital rectal examination, PSA and systematic biopsies have low sensitivity to detect high-grade cancer.[@R10] Hence, we do not know when repeated biopsies are required and when radical treatment is beneficial.

### Magnetic resonance imaging {#s1-1-5}

The use of MRI in the assessment of prostate cancer has increased. There is high level evidence that MRI has the ability to detect prostate cancer,[@R15] but there is insufficient evidence on the benefit of repeated MRI during active surveillance.[@R17] According to the PROMIS study (Prostate MR Imaging Study), MRI may reduce the proportion of men undergoing a prostate biopsy by 25%, and the proportion of men diagnosed with clinically insignificant cancer by 5%, at the cost of delaying the diagnosis of a clinically significant cancer (defined as presence of any ISUP grade ≥3 (Gleason score 4+3=7) or a maximum cancer core length involvement of 6 mm or more in any location) in 3% of the men.[@R18] The negative predictive value of an unsuspicious MRI finding is high, and even higher when PSA density is low.[@R19]

The randomised PRECISION (Prostate Evaluation for Clinically Important Disease: Sampling Using Image Guidance or Not?) trial indicates that MRI with targeted biopsies has higher detection rate than systematic biopsies for ISUP grade ≥2 prostate cancer and reduces the detection of ISUP grade 1 cancer in biopsy-naïve patients with clinical suspicion of prostate cancer.[@R20] In a retrospective review of repeated biopsies during active surveillance, MRI with targeted biopsies nearly doubled the detection of pathological progression compared with systematic biopsies.[@R21] This is however questioned by a recent prospective trial that showed no increase in upgrading with additional targeted biopsies versus systematic biopsies alone.[@R22]

### Active surveillance in intermediate-risk prostate cancer {#s1-1-6}

The risk of cancer progression during active surveillance of patients with low-risk prostate cancer is low, but varies between studies, probably because of different inclusion criteria and indications for therapeutic intervention.[@R6] Active surveillance of intermediate-risk prostate cancer is debated, but it is supported by some data.[@R23] The Sunnybrook cohort---including men with low-risk and favourable intermediate-risk prostate cancer---showed a 2.8% progression to metastatic disease and 1.5% prostate cancer-specific mortality within 15 years,[@R24] with a more favourable outcome for men with low-risk cancer.[@R25] Eligibility was not influenced by PSA density or number of positive cores, and MRI was not used. Based on findings that MRI with targeted biopsies has a higher detection rate than standard biopsies for ISUP grade ≥2 prostate cancer,[@R20] one must assume that many intermediate-risk and high-risk tumours were undetected in this cohort. Despite this, the long-term cancer-specific survival was high.

The PCASTt/ SPCG-17 trial {#s1-2}
-------------------------

### Study design {#s1-2-1}

The PCASTt/SPCG-17 is a multinational randomised trial comparing active surveillance using standardised triggers for repeated biopsy and radical treatment with current practice. The hypothesis is that standardised triggers will reduce overtreatment and adverse events and improve quality of life, without increasing disease progression or prostate cancer mortality.

### Outcome measures {#s1-2-2}

The primary end point is progression-free survival. Progression is defined as biochemical recurrence after treatment with curative intent or start of androgen deprivation therapy in previously untreated men. Following radical prostatectomy, biochemical recurrence is defined as two consecutive rising PSA values \>0.2 ng/mL. After primary radiation therapy and radiation therapy with androgen deprivation therapy, the definition of biochemical recurrence is any PSA increase 2 ng/mL higher than the PSA nadir value, regardless of the serum concentration of the nadir.[@R26] Secondary end points are the cumulative incidence of pT3 tumours, distant metastasis, treatment with curative intent and switch to watchful waiting. Prostate cancer death is the final end point at 10 years. Quality-of-life end points will be analysed separately.

### Participants and participating centres {#s1-2-3}

Eligible for inclusion are men with histopathological low-risk or favourable intermediate-risk adenocarcinoma of the prostate diagnosed within 12 months, who have not received any treatment and have at least 10 years' expected lifetime. All men primarily diagnosed with prostate cancer from systematic biopsies should undergo MRI with biopsies targeted towards Prostate Imaging and Reporting Data System (PI-RADS) 3--5 lesions before inclusion. For men primarily diagnosed with prostate cancer following MRI with targeted biopsies, subsequent systematic biopsies are optional. Inclusion criteria are listed in [box 1](#B1){ref-type="boxed-text"}. Centres in Sweden, Finland, Norway and the UK will participate. Demands on participating centres are listed in [box 2](#B2){ref-type="boxed-text"}.

###### Inclusion criteria

-   Adenocarcinoma of the prostate diagnosed within the past 12 months.

-   Tumour stage ≤T2a, NX, M0.

-   PSA \<15 ng/mL and PSA density ≤0.2 ng/mL/cc.

-   Systematic biopsies with ≥10 cores (optional, if the diagnosis is based on MRI with targeted biopsies).

-   MRI with targeted biopsies towards PI-RADS 3, 4 and 5 (according to PI-RADS V.2).

-   ISUP grade 1 (any number of cores, any involvement).

-   ISUP grade 2 in \<3 cores (or \<30% of cores if \>10 systematic cores were taken) and \<10 mm cancer in one core (systematic or targeted).

-   Life expectancy ≥10 years (no upper age limit).

-   Candidate for curative treatment (surgery or radiotherapy), if progression occurs.

-   Signed written informed consent.

ISUP, International Society of Urological Pathology; PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen.

###### Demands on participating centres

-   Access to prostate MRI expertise. If the local competence is uncertain, the national PI will organise external expertise for MRI evaluation.

-   The MRI should follow European Society of Urogenital Radiology guidelines and include:

    -   T1-weighted and T2-weighted images;

    -   Diffusion-weighted images including apparent diffusion coefficient;

    -   Dynamic contrast-enhanced imaging and magnetic resonance spectroscopy imaging are optional.

-   The MR images should be reported according to PI-RADS V.2.

PI-RADS, Prostate Imaging Reporting and Data System.

PCASTt/SPCG-17 aims to randomise 2000 patients in 4 years, which will give an 85% power to detect a 1.3 percentage points progression-free survival difference between the study arms (two-sided α=0.05) under the assumption that 90% of the patients are managed per protocol according to randomisation. The progression-free survival in the current practice group 5 years after randomisation is assumed to be 98%, based on previous studies.[@R24]

### Patient-reported outcome measures and follow-up {#s1-2-4}

At inclusion and every second year during follow-up participants are requested to complete a study-specific quality-of-life questionnaire including the Expanded Prostate cancer Index Composite -26,[@R27] for separate quality-of-life analysis.

Basic follow-up is identical in both arms, with biannual PSA testing, annual clinical examination and MRI scan every second year ([figure 1](#F1){ref-type="fig"}). In the current practice arm, additional investigations are optional and it is up to the urologist to decide when it is time to repeat biopsies and initiate treatment with curative intent. In the experimental arm, follow-up is according to schedule, biopsies are only taken if the standardised triggers are reached ([table 1](#T1){ref-type="table"}) and treatment with curative intent is only recommended if standardised triggers for radical treatment are reached ([table 2](#T2){ref-type="table"}). At every follow-up, the patient is categorised as having no distant metastasis, suspected distant metastasis (according to PSA-level and/or symptoms) or verified distant metastasis (imaging or histopathology/cytology).

Follow-up continues according to the protocol until initiation of treatment with curative intent, detection of metastasis, switch from active surveillance to watchful waiting or death of any cause. For men who discontinue active surveillance, the follow-up and management continue according to standard clinical practice but with annual reporting in the study. In patients lost to follow-up, end points will be assessed through available registers in the participating countries.

![Basic follow-up. PSA, prostate-specific antigen; QoL, quality of life; SB, systematic biopsies; TB, targeted biopsies.](bmjopen-2018-027860f01){#F1}

###### 

Triggers for re-biopsies

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Arm 1                            Arm 2   
  -------------------------------- ------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  According to current practice\   I       PSA density \>0.2 ng/mL/cc (systematic biopsies)
  (the urologists' judgement)              

                                   II       MRI progression in men with ISUP grade 1 cancer (targeted biopsies)≥5 mm or more increase in size in any dimension of a measurable lesion (a measurable lesion is defined as ≥6 mm in longest diameter in any dimension in best-depicted MR sequence)Increase in PI-RADS score to 3, 4 or 5High suspicion of extracapsular extension or seminal vesicle invasion (level of suspicion to be 4 or 5 on Likert scale)A new lesion with PI-RADS score 3--5

                                   III      MRI progression in men with ISUP grade 2 cancer (targeted biopsies)≥5 mm or more increase in size in any dimension of a measurable lesion (a measurable lesion is defined as ≥6 mm in longest diameter in any dimension in best-depicted MR sequence)A new lesion with PI-RADS 3--5
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ISUP, International Society of Urological Pathology; PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen.

###### 

Triggers for radical treatment

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Arm 1                            Arm 2   
  -------------------------------- ------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  According to current practice\   I       MRI progression in lesions with confirmed Gleason pattern 4Increase in PI-RADS score to 4 or 5High suspicion of extracapsular extension or seminal vesicle invasion (level of suspicion to be 4 or 5 on the Likert scale)
  (the urologist's judgement)              

  ** **                            II      Pathological progressionGleason pattern 5Primary Gleason pattern 4 in any core with ≥5 mm cancerISUP grade 2 in ≥3 cores (or ≥30% of cores if \>10 systematic cores), or ≥10 mm cancer in one core (systematic or targeted)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ISUP, International Society of Urological Pathology; PI-RADS, Prostate Imaging Reporting and Data System.

### Patient and public involvement {#s1-2-5}

Patient experiences and priorities is important knowledge that may influence the definition of research questions. Patients were however not directly involved in designing this study, defining outcome measures, the recruitment to and conduct of the study. A summary of results will be available for all participants and will also be presented to patient organisations and the public.

### Experience from first 2 years of inclusion {#s1-2-6}

The first patient was included in October 2016 at Uppsala University Hospital, Sweden. In 2017, six additional Swedish centres began enrolment and three Norwegian centres started enrolling patients in 2018. Centres in Finland and the UK aim to start including patients later in 2018. Characteristics of the first 275 randomised patients are displayed in [table 3](#T3){ref-type="table"}. Patients are stratified based on participating centre and Gleason score.

###### 

Baseline characteristics for the first 275 included patients

  n                               139 (Arm 1)   136 (Arm 2)
  ------------------------------- ------------- -------------
  Age (year, mean (SD))           62 (6.2)      64 (6.2)
  PSA (ng/mL, mean, (SD))         5.1 (2.3)     5.8 (2.3)
  PSA-D (ng/mL/cc, mean (SD))     0.11 (0.04)   0.12 (0.04)
  Clinical tumour stage (n (%))                 
   T1c                            109 (78)      115 (85)
   T2a                            29 (21)       21 (15)
   Unknown                        1 (1)         0
  Comorbidity (n (%))                           
   ASA 1                          94 (68)       84 (62)
   ASA 2                          40 (29)       52 (38)
   ASA 3                          4 (3)         0
   Unknown                        1 (1)         0
  Family history of PCA (n (%))                 
   Yes                            33 (24)       38 (28)
   No                             102 (73)      95 (70)
   Unknown                        4 (3)         3 (2)
  MRI technique (n (%))                         
   1.5 T                          20 (14)       16 (12)
   3 T                            118 (85)      116 (85)
   Unknown                        1 (1)         4 (3)
  MRI findings (n (%))                          
   PI-RADS 1--2                   76 (55)       55 (40)
   PI-RADS 3--5                   63 (45)       81 (60)

ASA, American Society of Anesthesiologists classification; PCA, prostate cancer; PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen; n, sample size.

Ethics and dissemination {#s1-3}
------------------------

The first analysis of primary and secondary end points will take place 1 year after all men are included (and then every third year) and will be published in peer-reviewed journal.

Discussion {#s2}
==========

The increasing use of active surveillance has reduced overtreatment of prostate cancer to some extent, but still a large number of men are overtreated.[@R2] Clearly, more patients should start on active surveillance, and fewer patients on active surveillance should convert to radical treatment.

Over the last decades, there has been a Gleason score/ISUP grade inflation, partly due to the 2005 revision of the Gleason pattern definitions. The revision entailed that many patterns previously designated Gleason pattern 3 are now reported as pattern 4 and that the Gleason score/ISUP grade on needle biopsies always includes the highest Gleason grade, even if it is just a minimal component.[@R28] Because long-term outcomes of active surveillance and watchful waiting are chiefly based on studies undertaken before the 2005 revision, a substantial proportion of low-risk tumours in those studies would today be classified as intermediate risk. Despite this, they had excellent survival without treatment. These results and the changes in Gleason grading suggests that also men with favourable intermediate-risk prostate cancer should be offered active surveillance. This is supported by the fact that MRI with targeted biopsies detects favourable intermediate-risk tumours that standard biopsies do not detect.[@R18] Hence, if all men with intermediate-risk prostate cancer undergo immediate radical treatment, overtreatment would increase.

In PCASTt/SPCG-17, follow-up during active surveillance is based on PSA testing and repeated MRI, not on repeated systematic biopsies. Prostate biopsies are uncomfortable and distressful. They cause bleeding, sometimes urinary retention and about 6% experience febrile infection and 1% develop sepsis.[@R29] The incidence of serious infections is rising because of multidrug-resistant bacteria.[@R30] It is therefore desirable to reduce the number of biopsies during active surveillance. In the experimental arm of PCASTt/SPCG-17, biopsies are only performed when triggered which will likely reduce the number of biopsies. MRI with targeted biopsies detect at least as many histopathological intermediate-risk tumours as standard biopsies in biopsy-naïve men,[@R20] suggesting that MRI with targeted biopsies is viable in a surveillance programme.

In PCASTt/SPCG-17, prespecified changes in MRI trigger targeted biopsies to assess histopathological progression. Since histopathological progression may occur without MRI changes, the protocol also stipulates systematic biopsies if PSA density increases above prespecified limits ([table 1](#T1){ref-type="table"}). Radical treatment is triggered by MRI findings suggesting progression of a known ISUP grade 2 tumour and by biopsies showing more than a defined upper limit of Gleason pattern 4 or any Gleason pattern 5 ([table 2](#T2){ref-type="table"}).

The strengths of PCASTt/SPCG-17 include the randomised design and a trial size that will allow quantifying clinically relevant end points with reasonable statistical precision. A data monitoring and safety committee will oversee patient safety and the trial's scientific integrity. The safety of the MRI-based follow-up will be regularly evaluated by comparing the outcome with a matched group of men managed by active surveillance in the Swedish SAMS study (Study of Active Monitoring in Sweden), who are on active surveillance based on systematic transrectal biopsies.[@R31] During the long-term follow-up, new methods for monitoring and treatment might be introduced and applied in our patient cohort, obscuring the interpretation of the results. Furthermore, over time the triggers for repeated biopsies and treatment in the PCASTt/SPCG-17 trial's standard treatment arm might become more similar to the management of the men in the experimental group. Although this will affect the trial's ability to detect any difference between the two groups, the PCASTt/SPCG-17 experimental arm can still be used to assess the clinical safety and acceptability of a standardised protocol and provide prospective data on the performance of MRI as a monitoring tool---both aspects key to patient safety under active surveillance.

Conclusion {#s3}
==========

PCASTt/SPCG-17 is a randomised trial that evaluates the safety of an MRI-based active surveillance protocol, comparing standardised triggers for repeat biopsies and curative treatment. If the protocol proves to be as safe as current clinical practice, its implementation could lead to a reduction of the number of biopsies, reduce overtreatment of prostate cancer without compromising the outcome of the patients in terms of morbidity and mortality.
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